Abstract: As one of the main factors affecting safe blood transfusion, hepatitis B virus (HBV) infection through blood transfer seriously endangers human health. Therefore, studies should focus on both reducing infection rate of HBV and accurately evaluating the risk of infection. This study discusses the main factors affecting HBV infection that results from blood transfusions, with the aim of gaining insights into reducing HBV infection.
Introduction
Hepatitis B virus (HBV) infection is one of the most serious problems that endanger human health. More than one-third of the population in the world were once infected with HBV, with >360 million translated into chronic infection [1] . Every year, approximately 62 million people die of fulminant hepatitis, cirrhosis, and liver cancer caused by HBV infection. A total of 4.5 million new infections have also been documented, with one-quarter developing into liver disease [2] . Blood transfusion is an important route of transmission for HBV infection. According to a report from the World Health Organization (WHO) Viral Hepatitis Secretariat, HB can be transmitted through unsafe blood products, resulting in risks that reach as high as 70% [3] . Therefore, studies must evaluate and reduce transfusion-related HBV infection. The following sections summarize the factors influencing HBV infection through blood transfusions and the recent relevant theories and practices of reducing blood transfusion-related HBV infection and ensuring safe blood transfer. different HBV infectivities through blood transfusions. Using experiments on gorillas infected with HBV, the American group Hsia et al. [4] proved that for different genotypes, 50% chimp infectious dose (CID 50 ) of HBV differs. The C genotype spans three genome equivalents (geq, D genotype totals 78 geq, and A genotype measures 169 geq; however, the doubling time (1.9 days) of the C genotype HBV is shorter than that of the A genotype (3.4 days) [5] . Therefore, when only genotypes are considered, the C genotype may be more susceptible than the A genotype. After replication for the same period of time, the C genotype is easier to detect HBV than A genotype. Therefore, further studies are needed to identify the risks of transmission of different genotypes of HBV through blood transfusion. Compared with the D genotype, Europeans and Americans perform better at clearing the A genotype HBe antigen (HBeAg), and compared with the C genotype, serological conversion of the B genotype HBeAg occurs earlier [6] . Presence of HBeAg indicates active replication of HBV, and reduction in HBeAg levels or serological conversion signifies decline in viral replication. In different blood recipients, different genotypes of HBV exhibit varying replication activities. These genotypes also present different susceptibilities to blood transfusion-related HBV infection.
Influences of HBV Variability
Under natural conditions or due to drug effects or vaccination, mutation may occur in different parts of the HBV genome, leading to changes in the biological characteristics of the virus. Some changes affect risks of transfusion-related HBV infection. Changes in HBV antigen and antibody expression may include mutations in the loci in the S-region; they may alter the alpha determinant of genes in the S-region, thereby altering the antigenicity of HB surface antigen (HBsAg) of HBV and affecting its ability to bind to antibodies [7] . For different mutations of HBsAg, current enzyme-linked immunosorbent assay diagnostic reagents exhibit different detection capacities. Occasionally, missing detections transpire, leading to false negative results of HBsAg detection and increased risk of HBV transmission through blood transfusions. Changes in HBV replication activity may include mutations in T1753C, C1766T, and T1768A in the basic core promoter region of the C gene, and they can also improve the level of viral replication [8] . Therefore, under the same circumstances, when recipients are injected with HBV mutants that can improve the level of viral replication, HBV susceptibility may change. Changes in host immunoreactivity, such as mutations in the key codon of certain viral epitope peptides in the C gene, affect either the binding of the epitope peptide to human leukocyte antigen (HLA) or the identification of T-cell receptor on the epitope peptides, thereby preventing immune attacks [9] . When recipients are injected with HBV-infected blood products containing such variants, risks of HBV infection may increase.
Influence of HBV Infection Period
HBV infection can be divided into different phases, namely, eclipse, pre-ramp-up, ramp-up, plateau, and postseroconversion phases. The virulence of virus particles differs in different phases, leading to varying degrees of risks of HBV infection. Animal experiments conducted by Tabuchi et al. [10] showed that when chimpanzee serum was used to infect laboratory mice with HBV, virulence in the early stage of acute infection was 100 times that of late-stage acute infection. In the early stage of acute infection, such as in the ramp-up phase, as the corresponding neutral antibodies were not yet produced, the HBV CID 50 was 3-10 virus particles. In the late acute infection stages, specifically the decrement phase, HBV CID 50 comprised 300-1,000 virus particles. In reported HBsAg−/HBV DNA+ HBV-infected cases, infected virus load in the window period (WP) measured 10 IU/mL. However, in the postseroconversion phase, viral load of occult HBV infection (OBI) was generally >100 IU/mL and was related to HB core antibody (anti-HBc) titer and the presence/absence of HB surface antibodies (anti-HBs). In the presence of high-titer anti-HBc, the infection rate reached 17%. In the presence of low-titer anti-HBc, the infection rate totaled 10%, but the rate reached 1.3% when accompanied by anti-HBs [11] .
Blood Screening Strategies Controlling Risk of HBV Infection

Influence of Screening Strategies
HBV particles present complex and varied serological characteristics. Different serum markers manifest in people infected with HBV at different periods. WHO recommends various HBV screening strategies, including HBsAg, anti-HBc (where appropriate), and virus nucleic acid testing (NAT) for HBV DNA [1] . Different countries must develop appropriate HBV screening strategies based on specific circumstances (such as virus prevalence) to ensure blood transfusion safety. Because of their own characteristics and local environmental conditions, different screening strategies feature different detection rates of HBV, affecting the infectivity of HBV transmission through blood transfusions to a certain extent. Currently, with technical progress, the sensitivity of HBsAg detection reaches 0.005 ng/mL [12] . HBV DNA detection is generally carried out simultaneously with detection of human immunodeficiency virus (HIV) RNA and hepatitis C virus RNA; the specificities of polymerase chain reaction (PCR)-based commercial detection and transcription-mediated amplification-based detection reach 99.9% and 99.8%, respectively, with sensitivities of 8 and 12 IU/mL [12] . NAT minimizes the risk of infection through blood transfusions. According to the study by the Working Party on Transfusion-Transmitted Infectious Diseases in 59 countries and regions after implementation of NAT, among 1,098,306 specimens, 75 were in the WP, accounting for 6.8/1,000,000 of all specimens, and 250 presented OBI, accounting for 22.8/1,000,000 of all specimens. In the past 10 years, a number of countries and regions have increased NAT testing [14] . Studies show that anti-HBc detection can reduce HBV transmission through blood transfusions, especially in terms of OBI reduction. In low-prevalence HBV areas, such as the United States and Canada, anti-HBc is listed as a regular test item, significantly improving the safety of blood transfusion [12] . Countries and regions with high prevalence of HBV promote highly sensitive HBsAg detection and NAT tests for individuals [15] .
Limitations of Blood Screening Methods
Irrespective of whether HBsAg detection or the NAT test or a joint anti-HBc test is used, results do not fully reflect actual conditions, nor do they completely prevent HBV infection. All these methods feature some limitations, which are as follows: 1) for specimens of blood donors who are vaccinated against HB within a month, test results can be HBsAg-positive; 2) sensitivity of HBsAg detection is influenced by many factors, including virus genotype, mutations, presence of anti-HBsAg in blood donors, and coexistence of joint infection with other diseases [11] ; 3) NAT test is divided into mini-pool (MP) NAT and individual donation (ID) NAT. Studies show that the HBsAg method requires 50-60 days to detect HBV infection, and MP NAT can shorten the time to 40-50 days; ID NAT requires 15-34 days to detect HBV infection [16] . However, NAT cannot detect HBV in the initial stage of infection; 4) anti-HBc detection is not applicable in HBV high-prevalence areas because it leads to huge loss of blood donors, resulting in insufficient blood supply; 5) for most anti-HB blood products >100 IU/mL, though they are anti-HBc(+) or contain HBV DNA and do not transmit HBV, we cannot rule out the possibility that anti-HB(+) blood products may cause HBV infection. Overall, even when HBsAg, HBV DNA, and anti-HBc tests are all negative, such results do not necessarily prevent HBV transmission, which is related to characteristics of the virus itself, immune status of recipients, and test limitations.
Self-Condition of Recipients is Closely Related to HBV Infectivity
Effects of Immune Status of Recipients
The immune status of recipients is closely related to their susceptibility to HBV. Compared with recipients with normal immune function, those with immune deficiency are at higher risk of HBV infection through blood transfusions. From studies on Mexican recipients, Calderon et al. [17] observed that when recipients exhibit conditions such as end-stage renal disease or the need for hemodialysis and organ transplantation, which affect their immune status, their risk of HBV infection (7%) was higher than that of healthy donors (0.13%). The HBV infection rate reached 13.2% for recipients with end-stage renal disease, 5.5% for recipients with cancer, and 2.4% for recipients with hemophilia. In China, local studies also confirmed higher HBV carrier rate of patients with blood diseases than the general population. Among these individuals, the carrier rate reached 31.37% for patients with aplastic anemia, 19.91% for patients with idiopathic thrombocytopenic purpura, and 16.9% for patients with leukemia; the control group of healthy people without blood disease presented a carrier rate of 10.12% [18] . According to the WHO, nearly 10% of AIDS patients are jointly infected with HBV. Recipients infected with HIV show decreased immune response to HBV infection and increased HBV replication. Therefore, their serum contains high HBV DNA levels, and the HBeAg clearance rate is reduced. However, viral replication barely reduces. Thus, susceptibility to HBV increases. When such recipients are transfused with blood products, HBV infection may occur [1] .
Influence of Genetic Background of Recipients
The immunogenetic background of recipients, especially the HLA status, is one of the important factors that determine the possibility of infection with HBV. HLA plays a vital role in the immune identification of HBV, immune response, and immune regulation. Genetic polymorphism of this antigen is closely related to the susceptibility of different individuals to HBV. Distribution of some genes differs in populations and among different races. When associated with the safety of blood transfusion, this condition manifests as influences of HLA polymorphism on susceptibility of different individuals and recipients of different races to HBV; such influences include involvement of HLA-I genes in identification of CD8+ T-cells and the killing and dissolution of infected cells by inducing cytotoxic T-lymphocytes (CTLs). When the recipient CTLs present an inadequate HBV response, incomplete clearance of HBV may occur. Accordingly, the recipient is infected with HBV and develops chronic HBV infection. In the Chinese Taiwan population, the HLA-A*0206 gene, in the Chinese Han population, the HLA-B35 gene, in the Russian population, the HLA-B18, -B35, and -B40 genes, and in the Kazak population, the HLA-A3 and -B18 genes are related with persistent HBV infection, whereas in the Taiwan population, the HLA-B6 gene and in the American Caucasian population, the HLA-A*030 genes prevent such conditions [19, 20] . HLA-II genes are involved in the identification of CD4+ T-cells; this phenomenon is related to the immune response and virus clearance after HBV infection. Studies show that HLA-DPA1*0202-DPB1*0501 and HLA-DPA1*0202-DPB1*0301 are positively correlated with the chronicity of HBV infection, whereas HLA-DPA1*0103-DPB1*0402 and HLA-DPA1*0103-DPB1*0401 may protect the body from long-term HBV infection [21] .
Vaccine is the Most Effective Way to Prevent HBV Infection
As the most effective way to prevent HBV infection, HB vaccine plays an important role in reducing HBV infection related to blood transfusion. In 1992, the WHO proposed that by 1997, all countries should incorporate HB vaccine into their planned immunization programs to eliminate HB worldwide after a few generations. Taiwan is one of the first regions in the world that started HB vaccination. In 1984, before HB vaccination, the HBsAg prevalence rate was 9.6%, whereas in 1989, 1994, 1999, and 2004, after vaccination, the rates decreased to 4.6%, 1.4%, 0.7%, and 0.4%, respectively [22] . Incidence of hepatocellular carcinoma also reduced from 0.7/100,000 in 1981-1986 to 0.36/100,000 in 1990-1994 [23] . Incidence rates of liver cancer in Italy, Japan, and Gambia reduced by 75% after vaccination [24] . In 1992, China incorporated the HB vaccine into immunization management in children. In 2002, China incorporated HB vaccination for all newborns into its national immunization program. Compared with the survey in 1992, the 2006 National HBV-Seroepidemiology Survey of Viral Hepatitis showed significantly decreased prevalence rate of HBsAg among 1-to 14-year-old children, especially in children <5 years old. Prevalence rate reached 1.0%, a decrease of 90% compared with that calculated in 1992 (9.8%). In individuals between 15 and 19 years old, the prevalence rate of HBsAg also decreased [25] . These results showed that HB vaccine can effectively reduce both HBV infection rate and incidence rate of liver cancer. Thus, HBV carrier rate decreases accordingly in blood donors. As vaccinated recipients produce anti-HBs in their bodies, their risk of HBV infection also decreases. However, using HB vaccine also poses some limitations when using it to prevent HBV infection related with blood transfusions. Currently, infants, young people, and high-risk groups are the main targets of HB vaccination. However, in all populations, 5%-10% are healthy, and >30% possess immune deficiency which shows absence of or low response to HB vaccine [9] ; this observation is mainly related to genetics, immunity, and joint infection.
Other Influencing Factors
Different blood products result in varying risks of HBV transmission. Compared with whole blood, blood components exhibit low HBV infectivity. However, according to WHO 2011 global blood safety statistics, in low-income countries, only 31% of blood was fractionated, compared with 91% and 72% observed in highand middle-income countries, respectively [1] . Red blood cell suspensions contain approximately 20-40 mL of plasma, and once the contents of HBV DNA in the plasma reach over 1 geq/20 mL, HBV infection may transpire [11] . Compared with repetitive blood donors, first-time blood donors display higher risk of HBV infection. For example, in Africa, the detection rate of HBV DNA for first-time blood donors totals 120.93/100,000, whereas that for repetitive blood donors reaches 32.31/100,000; in the Asia-Pacific region and Europe, the corresponding numbers total 53.82/100,000 and 22.11/100,000; and 3.29/100,000 and 2.76/100,000, respectively [14] . Compared with paid blood donors, voluntary blood donors show much lower risk of HBV infection. According to a WHO report, the blood safety of voluntary blood donors is 5-10 times higher than that of paid donors. However, in 40 countries that participated in the survey, <25% of blood supply came from voluntary blood donors. Thus, most blood supplies still depend on family/alternative blood donors and paid blood donors. In 2008, 26 countries were reported to rely on paid blood donation, and the total amount of paid blood donations was approximately 80 million times that of voluntary blood donors [1] .
Improvement Strategies and Methods of Reducing HBV Infection Caused by Blood Transfusions
Diverse factors influence HBV infection caused by blood transfusions. Risks of blood transfusion-related HBV infection can be reduced by in-depth studies on these factors and applying joint targeted measures. Related strategies and methods include the following: 1) based on epidemic situation of local HBV genotypes, different countries and regions should develop specific HB vaccines that target the local population and strengthen vaccination for newborns and those who missed vaccinations; 2) monoclonal antibodies with two or more strains as capture antibodies and polyclonal antibodies must be used in detection methods to improve detection sensitivity of HBsAg and capability to detect variant strains; 3) blood must be collected from low-risk blood donors, unpaid blood donation should be implemented, NAT screening for blood must be implemented immediately, highly sensitive test reagents should be selected and developed, and small-sample mixtures and single-sample detection must be adopted; 4) white blood cell filtration and virus inactivation should be popularized across regions, and clinical blood transfusion indications must be fully grasped while simultaneously adhering to the principle of transfusing only when needed. Overtransfusion and implementation of component transfusion should be avoided; 5) immune status of recipients must be considered during transfusion of blood products. For immune-deficient recipients, relevant treatments of blood products should be conducted, or immunoglobulin should be injected before transfusion.
Summary
In the recent 20 years, although the safety of blood transfusion has remarkably improved, transfusionrelated HBV infection remains a significant threat to human health. Influencing factors not only include virus genotype and mutation, virus replication period, different screening strategies in different regions, specificity and sensitivity of detection method, immune status of recipient and ability to respond to vaccine, choice of appropriate blood donors, separation of blood components, virus inactivation and treatment, and other factors but also factors that still require definitive conclusions; these uncertain factors include volume of plasma infused, load of viruses existing in cells or bound with cells but escaping NAT detection, weight/ blood volume of recipient, storage time of blood products, and preservation temperature. Therefore, further studies must be performed to reduce transfusion-related HBV infection. Scholars from all over the world must also collaborate to explore and continually study and search for additional means of reducing risk of such conditions.
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